I Introduction
Recently, thin film X-ray analyses have been performed with a very fine probe of a few nanometers. One of the interests of many microscopists has been to what extent electron scattering in a sample influences the ultimate resolution of X-ray analysis. This problem has been investigated theoretically by many authors with various models, such as analytical [l-31 and Monte Carlo calculations [4-81. There is a general agreement among the predicted resolutions by these methods. However, there is room to improve the simulation model for Monte Carlo calcalation which is said to be more flexible and accurate at present. A recent paper [9] pointed out that knock-on secondary electrons may have a large effect on the resolution. The present paper reports a study of the ultimate resolution in a gold film with a Monte Carlo calculation incorporating knock-on secondary electron production model. Moreover, some examination will be done with the mott cross-section instead of the screened Rutherford cross-section for elastic scattering.
I1 Calculation Model
The present knock-on secondary electron production model is depicted schematically in Fig. 1 . An incident electron penetrates a small step length along the initial direction, which is distributed exponentially around the mean free path of the electron. The electron collides with an atom at Point P,, either elastically or inelastically, depending on the scattering probability (in the figure an elastic event occured). When inelastic scattering occurs, pursuit of a primary electron is interrupted and knock-on electron tracked until it slows down to some energy below the critical excitation energy. Finishing the trajectory tracking of the secondary electron, the primary electron trajectory is resumed. In this model secondary electrons with a large energy transfer greater than some critical energy E, are picked up from various inelastic scattering events as a discrete process. The continuous where E , E , represent an energy transfer and a critical energy transfer normalized by the initial energy, respectively. A value of 0.001 was used for E,. We adopted the Moller crosssection for electron-electron collision, do/de. For calculation of angular deflection due to elastic scattering the screened Rutherford equation was used in the same way as in a previous paper [5] . Also calculations were tried with the Mott cross-section and knock-on secondary electron production (here we call it the MK model). The Mott cross-section at an arbitrary energy was obtained by an interpolation of the data at representative energies [ll] . This cross-section is more important for a heavy element. For the ionization cross-section the following Bethe type expression was used.
To calculate the spatial distribution of the generated X-ray intensity, we divided a film into ten lagers. Each layer was divided into concentoric donut-shaped volumes with subdivisions of 20A. The calculations were done for a lOOOA thin gold film at 100 kV. The number of incident electrons is 20,000.
111. Results and Discussions 1. Energy distribution of transmitted electrons. In Fig. 2 a typical example of the energy distribution of transmitted electrons is shown to demonstrate a significant difference between the knock-on electron production model and the old model. With the old model most of the electrons are transmitted with nearly the incident energy. There is only a small fraction of transmitted electrons with an energy loss of several keV which are caused by a long travelling path due to large elastic scattering angles. While the new model gives a broader distribution near the incident energy and finite distribution over the whole region of energy even though the number of electrons involved is small. It was found that most electrons with energy between 50 and 100 keV are primary electrons and electrons between 0 and 50 keV are knock-on secondary electrons. Although the number of these electrons is small, they may contribute to a broader electron spreading.
2. Spatial spreading of generated X-ray intensity. In Fig. 3 the X-ray intensity distribtutions at the top and the bottom layers are shown as a function of radial distance. At the top layer a clear difference is seen between the results with and without the knock-on production. Secondary electrons show a wider diffusion at the surface. At the bottom layer there is still an appreciable difference although its effects are screened by a large angular deflection. The figure also shows a comparision with the MK model. At the top layer this model predicts a wider distribution than the other two. But at the bottom a sharper distribution is obtained to a distance of about 400A with the Mott cross-section. Therefore, the new cross-section predicts that X-ray generation is concentrated more around the incident direction. However, as anticipated from the result at the top layer, the MK model gives a larger intensity at the tail of the distribution. Fig. 4 shows the result in Fig. 3 in a normal scale. Note that the distributions are not Gaussian as pointed out by Jones [2] .
3. Spatial Resolution of X-ray Analysis To see the spatial spreading of generated X-ray intensities in the whole region of the film, we plotted the iso-contours of Au Ma X-ray intensities in Fig. 5 . The results with the three models are compared for iso-contours inside which integrated X-ray intensities are 60, 80 and 90% of the total intensity. As predicted by many authors, the distributions have a conical shape. We can see a clear difference between the resultss with (----) and without (.....) knock-on secondary production. The difference becomes large with an increase in integrated intensity. Since in the present model atomic electrons are assumed to be free electrons, the accuracy of the cross-sections is not good for tightly bounded electrons such as K and L-shell electrons. Therefore, the knock-on model may overestimate the electron spreading. Although the error is not evaluated at present, it can be improved by introducing [l31 the ionization potential into the cross-section in the future. Fig. 6 shows the integrated X-ray intensity as a function of radial distance corresponding to Fig. 5 . The resolution obtained from this figure according to the definition of the spatial resolution by the cylindrical diameter within which 90% of the total intensity is contained. They are 464, 560 and 880A without, with knock-on model and with the MK model, respectively. A gradual saturation of the intensity gives a poor resolution with the Mott cross-section inspite of faster rise-up near the center. It may not be appropriate to apply automatically this resolution to actual analysis of the sample with various types of boundary. We obtained the resolution by the same definition for AuLa The results are compared with the ones by various authors in Table 1 . As suggested by Joy et a1 191, the effect of secondary electrons on spreading is not appreciable for a high value of excitation energy. There is much variety in the results depending on models. It seems that in order to evaluate the accuracy of various theoretical results from a comparison with experiments, it is necessary to take account of the spatial distribution of the generated X-ray intensity. A more detailed study is in progress. Au LcC ( t = 1 0 0 0~, E =100ke~). 1 4 ) Fig.6 Integrated X-ray intensity(arrows Fig.3 X-ray intensity show the radii where normalized intensity distribution is 0.9 for three different cases). 
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